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This invention relates ço  low temperature 
separation process. In one oï is more speciflc 
aspects it relates to the production oï reflux liquid 
for a low temperature separation process. In  
still more spech2c aspect it relates to the pro- 
duction oï a reflux liquid ïor a low temperature 
fractionation process by the isentropic expansion 
oï overhead vapors from the ïractionator. 
One object oï this invention is to provide a 
method ïor the production oï liquid ïor refluxii,g 
oï a low temperature separation operation. 
Another object oï my invention is to provide 
a process ïor the production of reflux liquid for 
use in a low temperature separation without need 
for extraneous refrigeration. 
Still another object oï my invention is to pro- 
vide an efficient and economical process ïor the 
production of liquid reflux for use in low temper- 
ature separation operations without need for ex- 
traneous refrigeration. 
Yet another object oï my invention is to provide 
a process for the production oï liquid reflux for 
use in refluxing a low temperature separation 
zone in which ai least some oï said reflux is pro- 
duced by the isentropic expansion (reversible adi- 
abatic) of the separation zone vapors. 
Still other objects and advantages oï my in- 
vention wfll be apparent to those skilled in the 
art upon reading the following description, which 
taken with the attached drawing, forms a part of 
this speciflcation. 
This invention resides substantially in the com- 
bination, construction» arrangement and relative 
location of parts, steps and series of steps, all as 
will be described in detail below. 
.In the accompanying drawing, the single figure 
is a diagrammatic and schematic illustration of 
an apparatus in accordance with this invention. 
Referring now fo the drawing, a liquid natura! 
gas. free from butane and heavier hydrocarbons, 
hydrogen sulflde, carbon dioxide and moisture and 
under pressure and containing nitrogen, and from 
a source, not shown, flows through a line ! into 
a separation zone 2. In this separator which is 
actually a low temperature fractionator, gaseous 
nitrogen containing some methane is taken over- 
head through a line 3 while liquid methane (and 
any hydrocarbons boiling higher than methane, 
if present) is removed through a line 4 as kettle 
product. The overhead gases are chifled and 
partially condensed in exchanger  to yield some 
condensate. This partially condensed mixture is 
passed through a line 6 and a line  into a separa- 
tor  in which liquid and gas are separated. 
The saturated gas separated in the separator  
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is passed through a line  to an expansion engine 
! 3 in which isentropic expansion accompanied by 
partial condensation occurs. The expanded fluid 
produced in this expansion engine with the ex- 
5 penditure of work, flows at a reduced pressure 
through a line  into a second separator 6 in 
which liquid formed by the isentropic expansion 
is separated from the residual gas. During this 
isentropic expansion a marked lowering in tem- 
10 perature occurs, and in the separator 6 gas is 
separated from the condensate. This separated 
low temperatue gas is used as the chflling agent 
in heat exchanger  and accordingly this gas 
passes from the separator g through a line | to 
15 the heat exchanger  and thence leaves by way of 
a line 2 for such disposal as desired. 
The condensed liquid accumulating in the sepa- 
rator | 6 is dräwn through a pipe  8 and forced by 
a pump ..|9 through a line. 28 and line  into. the 
20 accumulator IL. The contents of separator |6 are 
at a considerably lower temperature than are 
the contentS, of-separator I] on accourir of the 
isentropic expansion of the. material passing 
through the expansion engine |3. The. further 
2 chilled liquid from separator |. on miXirg with 
the partially cor/densed fluid from line 6 .in line  
resutts in further condensationof materials of 
this 0verhèad stream. The combined liquids ac- 
cumulating in. the separator,8, areremoved there- 
30 from through a line | {} and are pumised by a.pump 
| | .hrough a line. | 2 into the top of the separation 
zone2 upon the first tray as reflux .... 
The expansion enginë |3 in order to operate 
efficiently as a temperature reducing means must 
35 perform :work, hence, the engine may drive a 
compressor |4 or do other useful work, as desired. 
The heat exchanger  can. be of any suitable 
and well known type avaflable in the art and may, 
for example, consist of. a shefl and tube exchanger 
40 with one fluid flOwing through the tubes and a 
second fluid flowing around the tubes. The.over- 
head vapors from the fractionator 2 at their dew 
point pass through the line 3. ard the tubes to 
line 6. The vapors delivered by line _| . to heat 
4 exchanger  flll the chamber surrounding the 
tubes. 
The separators 8 and |6 may be oï any type 
suitable for the purpose of separating partially 
condensed fluids into, vapor and liquid compo- 
50 nents. There are many devices ïor this purpose 
known to the art. 
The expansion engine | 3 may.be of any suitable 
and avaflable type of turbine or reciprocating ex- 
pander of which the Kapitza turbine is an ex- 
55 ample of the former. The expander must be of 
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the type capable of handling fluids containing an 
appreciabIe liquid content. SuitabIe ferres of 
Kapitza turbines are disclosed in U. S. Patent llo. 
2,280,585, granted April 21, 1942. 
The high pressure vapor separated in vessel 8 
and delivered by line 9 te the expander |3 is ai 
its dew point or saturation point since if is sep- 
arated frein Iiquid with which it is in equilibrium. 
In order te insure the presence of a substantial 
amount of condensate in the exhaust frein the 
expander |3, the expander must perform work. 
ttence, a compresser or other power consuming 
mechanism may be driven by the expander |3 
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production of liquid for refluxlng à ïractionating 
tower operating te separate nitrogen from a 
mixture containing largely methane and nitrogen 
with seine ethane and propane. 
The following fabulation gives the composition 
of a feed stock, of the fractionator bottoms, over- 
head vapor and other streams, and pressure and 
temperature conditions of operation of the 
various process steps directed te the production 
of liquid for refluxing the fractionating column, 
and is based on 100 mois of ïeed of which 15.54 
mols are withdrawn as overhead product and 
the remainder as kettle prodUct. 

Table 

Stream No ............ (1) (4) 
Iol perceat: 
N__ 15. 46 1.36 
CH. 74.84. 87. 17 
CH .............. 6. 02 7.11 
CHs. 3. Oe- 4/36 
3/ols ...... 
State.  
îemperature °F .................... : 

(3) l (ô) (7) 
76. ô5 75. 66 60. 75 
24.35 24.35 30.25 
22. 34 22.34 25. 59 
(') () 
-230. 5 -234. 8 ......... 

Lbs./sq. in.absolute ................. 
1ol. Entropy ......... 
:Enthatpy ............. 

200 

200  200 

(9) (12) 
81.27 38.00 
18.73 6OE 00 
18. 79 6.80 
(O 
--236.3 --236.3 
2O0 2O0 
40.72 ........ 
178,720 30,950 

............... 208, 470 199, 670 209, 670 

(15) (18) [ (20) (17), (21) 
81.27 29.30 29.30 92.17 92.1: 
18.73 70.70 70.70 7.83 7.8 
18.79 3.25 3.25 15.54 15.5 
(9 () (9 (0 ) 
-293.2 -293.2 -291.5 -293.2 -235.5 
20 20 200 20 2( 
40.72 13. 7 13. 7 46.4 ........ 
162,950 9,850 10, O00 153,100 159,90( 

 Saturated vapor. 
 Partially condensed. 
 Saturated liquid. 

 Compressed liquid. 
» Superheate4 vÇpor. 

in.ortier that the total heat content of the vapor 
stream from line 9 be lowered by .an amount 
sufficient te produce an appeciable amount of 
condensate in the exhaust of £he expander. 
Those skilled OEn.the art will.understand that this 
operation.of the expander is 'in accordance with 
the second law of thermodynamics. By this 
method of operating considerably more.heat en- 
ergy. is available .because of the. release of latent 
heat resulting frein the relatively large percent- 
age of ..condensate fomed by What is termed 
isentropic expansion. 
 This two.-phase stream frein the expander |.3 
is £hen divided into a vapor phase and a liquid 
phase .in .separator I 8 .anal the .liquid portion is 
passed.into.:separator 8..As mentioned herein- 
belote, tb2s chilled liquid o1 .entering line.  
combines with the partiallF condensed overhead 
stream.£romline 6 and causes £urther .condens- 
tion-frein .this 0verhead stream. The separation 
zone overhead vapor in line 3 ïs at its dew :point 
or saturation point since it is in-substantial 
equilibrium xvith the liquid onthe top tray. Thon, 
on being cooled inheat .exchanger ' seine .con- 
densate ïorms and the mixture .of c0ndensate 
and its equilibrium vapor passes frein the heat 
exchanger  on through line..6. Upon becoming 
admixed.with the expander cendensate fr0m line 
29 in line  still more condensate ferres. In -he 
separator $ the entire liquid-content is separated 
frein the remaining saturated vapors and this 
separated liquid is pumped by vay of lines i9 
and. |.2 te reflux the separation zone 2 while the 
sgturated vapor is the feed te the expansion 
engine 
It will be seen that .a system of this £ype 
eliminates stepwise or-cascade refrigeration 
cycles .commonly used in obtaining low tempera- 
tures. It will also be apparent that-this system 
and method may be used for the self condensa- 
tion of a fraction o£the overhead vapor stream, 
as for refluxing purposes. 
The 1011owing example is illustrative of the 
operation of my process when-applied te the 

A feed stock, containing methane and nitrogen 
with some ethane and propan e and having the 
composition indicated in the stream (1) of the 
35 ,table, is fed at about 200 pounds pressure per 
square inch absolute inte about a midpoint of the 
fractionator 2. This feed stock is intrduced into 
the fractionat0r through inlet pipe | t approxi- 
mately its boiling point. The fract!onator is oper- 
'40 ated at about 200 pounds pesqua_e inch absolute 
pressure with a rebofler temperature such that 
in combination with he tower refluxing yields an 
overhead vaporous product which leaves the frac- 
tionator af a temperature of about --230.5 ° F. 
45 This overhead .product .is passe d through the ex- 
changer  in which..it passe s ,n-indirect. heatex- 
change with col d apor produced 4 n seParater -| 6. 
The overhead vapor is cooled ïrem 230.5 ° F. te 
--234.8 ° F. on passin .thr0ug.h the exchanger..5. 
50 Since overhead vapor rom a f-ract.ionator .is sat- 
urated and at ifs dew point, this evenstightchfll- 
ing in the exchanger  causes sonecondensa- 
tion. For each 100 mols-oï...fee4,to .the 2}:aCi0_n- 
ator .22.34 .mols a.re taken..overhead af its dew 
55 point, and in the ,exchanger ,-.6,800 B. t..u are 
extracted te produce seine-condensation. This 
partiatly condensed o.verhead stream .is .then 
blended with the condensate-produced by ex- 
pander I af -291.5 ° F. and-the:combinedstçea_m 
6o passed into the separator 8. In this sepa.r.ato 
6.8 mois ,of liquid are separated-af -236.3 °. .F. 
and returned .te the-ïractiena{or.th0ugh.:iie,i 2 
as reflux. The saturated-vap0,seParated .Lr:0m 
the liquid in veÇs_el 8 is at ts.-dew:p0rt, nd this 
65 vapor af about 200 pund ,pressure .is passed 
through hle line 9 te. the expnder-|3,,in-whic] 
pressa!re is eduedto 2fi OUl!dS per square inch 
absolute-w, ith a resultant, tempeatUra dxop from 
--236.3 °F. te --293.2 ° -F«  This.temperatm.e-.dr_op 
70 causes c0ndensati0n-of abo «325 .mols of-liquid 
which -dr0Ps oui in-theseparätor |6. T his liqid 
is then pressured by .he:p!lmp 9:and mixed vith 
the partally c0ndensed stre.m ,fom-line 8 "and 
the mixture passed .into. the..separator 8 as. mon- 
75 tioned above. The saturated vaporseparated2n 
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vesei 4  is ém0vêd hrough line-  and is passed 
through exchanger 5 in indirect heat exchange 
with the fractionator overhead vapors. These 
separator vapors furnish the. 6,800 .B.t.u. of cool- 
ing mentioned above...The.final gaseous product 
issuing from the exchanger 5 through line 2  con- 
sists of. 15.54 mo]s of gas-containing 92.17%. N 
and /.83.% mettïane.., This-gas..may be .used, if 
desired,, for par.tial chilling of the feed fo. the 
fractionator or ïor other process steps, hot showm 
Likewise, the kettle product withdrawn throngh 
line .4 may .be used in chilling the fractionator 
feed., while all or ä _portion of this feed_ may 
passed through, a c.oil,.not, shown, in.the fnac 
tionator for furnishing_reboiler heat... 
The power .avaflable rom the expansion engin_e 
may be utilized to.drive compressors, pumps, gen- 
erators or the like. 
One important feature of this cycle is the fact 
that theexpander bas a fractionating effect equal 
to about thre_e fractionator trays. Such an effect 
is_prbduced by._the partial, liquefaction of. the exr 
p.ander exhaust ata lower pressure than that rof 
the fra_ctionator. Consequently, this refiuxing 
cycle allows a top fractionator tray temperature 
of. 30,5. F, or 18.5 F higher than the _--249 ° 
F...top..tray temperature reqire.d when a conven- 
tional partial refluxcondenser, is used 
I is also. possible to eliminate the separtor 
when desirable, in .vhich cas_e the expander con- 
densate from pipe 2_may be mixed with the liq- 
uid-vapor stream from pipe 6 and this mixture 
passed through the expander. In this modifica- 
tion a portion of the expander condensate sep- 
arated in vesse1   wfl! thon be used fo refiuxing 
the fractionator. 
This cycle may be used advantageously in an 
oxygen.manufacturing plant _where about 80% 
0f_ the flçactionatp fe_Çd stream_ is availab!e .for 
exPa .nsion_ a s a nitrogen riqh overhead product. 
The term "separation zone" .as applied.to ele- 
ment ï2 of.._the drawing_.is:!ïtended to represènt 
any; type. of suitable separato r which is adapted 
to the problem at hand. The separator 2 dis- 
closed in the specific example is a fractionator 
which may be provided with conventional bubble 
cap trays and caps. This separator may be a 
modified type fractionator, that is, one having a 
modified tray design in which each tray is a heat 
exchanger, or a plurality of heat exchange zones 
in which a liquid and vapor may be brought into 
intimate contact so as to produe a vapor which 
is rich in the lower bofling components and a 
liquid which is rich in the higher boiling com- 
ponents, these two products being withdrawn 
from the separation zone. In the modification 
shown, the uncondensed vapor from the isentrop- 
ic expander is passed in indirect heat exchange 
with the overhead vapor from the separation 
zone. In many applications, as in the example 
shown, the expanded vapor after passing through 
such a heat exchange stop is still ata relatively 
low temperature and it may be desirable to em- 
ploy this cold vapor as an indirect heat exchange 
medium in one or more heat exchange steps 
within the separation zone. 
It will be obvious that the apparatus described 
herein for use in the process of my invention 
should be well insulated against absorption of 
heat from the surrou_ndings. Such insulation 
not herein shown, since itis commercially avafl- 
able and its use well understood by those skilled 
in the art. 
lYIaterials of construction may be selected from 
among those commercially availàble and adapted 
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fo use .in high pressure and low. teïoerïtnVe. 
plications. Corrosion resistant: equipment  may 
usually hot be needed, since such materials as 
treated by .my.process wfll have. previouslybeen 
5 .freed of coTosiçe components, -_ :  
ttaving disclosed myinvention, I claim: 
1. A method for the separation .of nitrogen 
from an admixture with higher, boiling normally 
gaseous constituents comprisingintroducing said 
0 adrnixture a ,a  superatmospheric pressure :and 
af ifs bofling point under said pressure-into a 
separation zone, removing higher bofling noï 
mally aqueous constituents from the .separation 
zone .as .one product of the process, removing 
t5 nitrogen, containing some of the higher, boiling 
normally gaseous constituents, as. a first vapoons 
stream from_the separation zone, isentropically 
expanding a second vaporous stream comprising 
the nitrogen and some. of-the higher .boiiing 
,20 normally:gaseous constituents.of said first:.vapor- 
ousstream, to produce.some condensate,.separat- 
ing the expanded product into a first_ liquid and 
a_vapor,.returning a_second liquid comprising 
said first liquid to. the separation zone" as réfiu 
25 and.remo.ing the separated, vapor as a.second 
product of the process.. " _ .:.: :.. 
2. The method of claire ]-:wherein nitró$en 
separated from .a mixture, containing nitrogen 
and methane with some ethane ad propane  
3O 3. A. method for the separation of nitrogen 
from. admixture with .higher boiling 'normally 
gaseous constituerits comprising introducing said 
admixture at a superatmospheric pressure and 
af ifs boiling point under, said pressure:into a 
35 separaion .zone, removing .nitrogen .containing 
some of said higher boiling normally, gaseous con- 
stituents as:a _first intermediate vaporous stream 
and removing the remainder of the higher.boil- 
ing normally, gaseous constituents as ne prod, 
.:0 uct of the process; chilling said first intermediate 
vaporous stream in a  heat .exchange step 
indirect heat exctiange with an .expanded vapor 
as subsequently produced, separating thè Chilled 
intermediate stream into a second intermediate 
vapor and a first liquid, isentropically expanding 
45 said second intermediate vapor fo produce some 
condensate, separating the expanded stream into 
a third vapor and a second liquid, combining 
this second liquid with said first liquid and 
50 troducing the combined liquid as a reflux into 
said separation zone; passing said third vapor 
fo said heat exchange stop as said expanded 
vapor as subsequently produced and removing 
said expanded vapor from said heat exchange 
55 step as the separated nitrogen. 
4. The process of claire 3 wherein nitrogen is 
separated frein a mixture containing nitrogen, 
methane and some ethane and propane. 
5. A method for the separation of nitrogen 
60 from admixture with higher boiling normally 
gaseous constituents comprising separating said 
admixture of nitrogen and higher boiling nor- 
mally gaseous constituents into an intermediate 
first vaporous stream comprising nitrogen and 
65 some of said higher bofling normally gaseous 
constituents and a fxst liquid comprising the 
remainder of said higher boiling normally gas- 
eous constituents and removing said first liquid 
as one product oï the process; isentropically 
7O expanding a second intermediate vaporous 
stream as subsequently produced fo produce some 
condensate, separating the expanded stream into 
a vaporous fraction and a liquid fraction and 
removing this latter vaporous fraction as the 
75 separated nitrogen of the process; and combining 



sald.liquid fraction with said flrst intermediate 
aporous. stream lrior to said isentropic exlan- 
sion stepo fom this combined material separating 
a .second .liquid and said second .intermediate 
vaporous stream as _subsequently produed 'and 
adding .said sec0nd liquid cas .reflux -te he 
.original sepaating 
6. The method o .claire 5 wherein nitrQgen 
.is seghratèd'from amixture .cDntaining ntrogen, 
methane-and some ethane and propane. 
7. An aptaratus .ïor .the seloaration oï oné<gas 
ïom an.admixture..of gases comprising.said one 
gas. and anDther gas b0t]ing at. a higher tempeza- 
ture than said one gas comprising in :combLua- 
Gon_an indirect fractionator, a heat exchauge 
means in an overhead conduit from said Trac- 
tionat.or, ca frst liquid-gapor :seloarator in ,tui-d 
communination with said everhead conduït an 
tsen_roloic exloander in fluid ommunication with 
said flrst .separator, a second liquid-galaor sep- 
argtr in ïluid communtcaion-v¢ith said isen- 
kropic expander, means for masferring :liquid 
from said second separator tosaid first seloazator, 
conduit.means from said second seloarator.to said 
heat exchange means and.means for transerring 
liquid from said tïrst separatur to .the tolo:portion 
og .:said fractionator. 
.8. A method.for .the .separatton of .a gas.rem 
an admixtur with higher,boiltng normaly gas- 
sous .¢onstituents eomlorising ntroducing said 
arntxe .at:a superatmospheric .pressure and 
at ts 'boiling point under sad .pressure nto a 
separation 'zone, zemo¢ing tïigher boiling 
mally gaseous ¢onstituents from the .separation 
zones.as one .product.of Cheprocess;. remowing 
gas containing some of .said other ¢0nstttuents 
as , valoorous .-stream 
isentropicaHy exloanding .a .second valoorous 
steam:of.said'gas..contaizing 'some higher boiling 
normally gaseous cuntituents as .subsequently 
produced to toroduce .some condenste, _separat- 
ing heexpanded treamnto a liquid- anti a-¢apor, 
.ccmbtning this latter liquid with the :flrstmen- 
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tioned vaporous stream,, from thts combinedma- 
.terial separating .a vapor as said second vaporous 
stream of said gas .containing-some higher boi- 
ingnormall,v gaseous constituents as subsectuently 
$. produced and a liquid, and returning this.latter 
mentioned.liquid to the seloaration zone. as- reflux 
and rem0ving the seloarated vapo of theexpan- 
sion oloerationas a second product, of the lorocess. 
9. A method for the seloaration of nitrogen 
from admixture .with oxygen in air comlorising 
intzoducing said admixture ai a superatmos- 
loheric pressure and. ai ifs boiling point under 
said pressure ïnto a seloaration zone, removing 
nttogen,ccntaining some oxygen as a flrst valoor 
and removing a .liqul comlorisingoxgen as one 
poduct.Of the.Process,. Chilling said first aloor 
inaïhat -exchangestelo by indirect heat exctiange 
with an expanded valoor as subsequently pro- 
duced, separating the chilled loroduct into a sec- 
ond ¢aloor and a second liquid, isentroloically 
 :exloanding said second valoor to .loroduce some 
codensate, seloàrating the exloanded material 
into a third valoor .and a third liquid, combin- 
ing this .latter liquid with the second liquid and 
introducing this combinëd liquid as reflux into 
said separation zone, passing said third valoor 
to said ;heat exchange stop as saià exloanded 
valoor as subsequently-produced, and .çemoving 
said expanded valoor Nom said heat exchange 
stop as the separated nitrogen. 
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